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(54) Chuck 

(57) An end mill chucking structure for chucking an 
end mill having a relatively small diameter and used, for 
example, for deep milling of a die. The end mill chucking 
structure includes an end mill holder (10) and an end 
mill (12). A holder body has a taper hole (13h) formed 
therein. The end mill includes an end mill body (15) and 
a cutting tip (16) provided at an end portion of the end 
mill body A portion of the end mill body located opposite 
the cutting tip serves as a tapered shank portion (15a). 
The shank portion (15a) and the rest of the end mill 



body are bounded by a shoulder (15c) extending out- 
ward from the surface of the shank portion. The shank 
portion (15a) is press-fitted or shrink-fitled into the taper 
hole (13h) such that the end face (13i) of the holder 
body abuts the shoulder (15c) of the end mill body, 
through application to the holder body of heat at a tem- 
perature lower than a conventional shrink-fitting temper- 
ature. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a chucking 
structure fa chucking an end mill having a relatively 
small diameter and used, for example, for deep milling 
of a die. 

Description of the Related Art: 

[0002] FIG. 1 shows a conventional end mill chuck- 
ing structure. As shown In FIG. 1, a straight hole 1c is 
formed in a front cylindrical portion 1b of a holder body 
la of a tool holder 1 . An end mill 2 includes an end mill 
body 2a. which, in turn. Includes a round-rod-shaped 
shank portion 2b. A rear portion of the shank portion 2b 
of the end mill 2 is fitted into the straight hole 1c formed 
in the tool holder 1 . A plurality of side lock members 3a 
and 3b are screwed into the front cylindrical portion lb 
of the tool holder 1 from the outer circumferential sur- 
face thereof so as to press the fitted rear portion of the 
shank portion 2b against the wall surface of the straight 
hole 1c. thereby fixedly attaching the end mill 2 to the 
tool holder 1. 

[0003] In the case of the conventional end mill 2 
shown in FIG. 1, a relatively long front portion of the 
shank portion 2b projects frontward from the tool holder. 
Thus, the shank portion 2b fails to maintain sufficient 
rigidity, resulting in an impairment in cutting perform- 
ance and Involving vibration, such as pitching, during 
cutting. 

[0004] FIG. 2 shows another conventional end mill 
chucking structure. An end mill 2 includes an end mill 
body 2a of caitide. which, in turn, includes a shank por- 
tion 2b shorter than that shown in FIG. 1 . An end portion 
of the shank portion 2b is shrink-fltted into a straight 
hole 1 c formed in a tool holder 1 . The outer circumferen- 
tial surface of the end portion of the shank portion 2b is 
gripped by means of the wail surface of the straight hole 
1c formed in the tool holder 1; i.e., single-surface 
restraint is established so as to fixedly attach the end 
mill 2 to the tool holder 1 . 

[0005] In the case of the conventional shrink-fltted 
chucking as shown in FIG. 2, the tool holder 1 is heated, 
and then the shank portion 2b of the end mill 2 is fitted 
to the tool holder 1 . When the shank portion 2b is to be 
removed from the tool holder 1 , the entire tool holder 1 , 
to which the end mill 2 is attached, is heated so as to be 
thermally expanded. Then, the shank portion 2b is 
removed from the tool holder 1. Accordingly, the mate- 
rial of the tool holder 1 has a greater coefficient of ther- 
mal expansion than does the material of the end mill 2; 
i.e.. the tool holder 1 and the end mill 2 must be formed 
of metals of different coefficients of thermal expansion. 
[0006] In this connection, the applicant of the 



present Invention filed Japanese Patent Application No. 
10-354175 on December 14, 1998 in relation to a 
shank-integrated end mill. As is disclosed in the patent 
application, a front portion of a holder body of an end 

5 mill holder is formed into a taper portion which tapers 
down frontward. A small-diameter hole is formed coaxi- 
ally in the taper portion in such a manner as to extend 
reaPA^ard from a front end. A rear portion of a shank por- 
tion of an end mill body is formed into a small-diameter 

10 portion. The small-diameter portion of the end mill body 
is shrink-fitted into the small-diameter hole formed in the 
holder body, such that a shoulder located at the front 
end of the small-diameter portion abuts the front end 
face of the taper portion of the holder body. Cutting 

75 means is provided at a front end portion of the end mill 
body. In the shank-integrated end mill, the shank portion 
of the end mill body is rendered short to thereby 
decrease the cost of the end mill. Further, the outer cir- 
cumferential surface of the small-diameter portion of the 

20 shank portion of the end mill body is gripped by means 
of the wall surface of tiie small-diameter hole formed in 
the end mill holder, and the entire face of the shoulder of 
the shank portion abuts the front end face of tiie end mill 
holder; i.e., two-surface restraint is established so as to 

25 fixedly attach the end mill body to the holder body. Thus, 
tiie rigidity of the end mill becomes considerably high, 
so that vibration hardly occurs during cutting, resulting 
in good cutting performance. 
[0007] FIG. 3 shows still another conventional end 

30 mill chucking structure using a collet. The collet includes 
a taper shank portion 4A. which is fitted into a taper hole 
1 A formed in a tool holder 1, and a taper arbor portion 
4B, which extends over a predetermined length from tiie 
larger-diameter end of the taper shank portion 4A coax- 

35 iaily with and in opposition to the taper shank portion 4A 
while tapering down. A straight hole 4C having a prede- 
termined length and diameter is formed coaxially in tine 
arbor portion 4B in such a manner as to extend from tiie 
front end thereof toward the taper shank portion 4A. 

40 The arbor portion 4B is heated to a temperature of 
about SOO'^C to thereby be thermally expanded. A 
straight shank portion 2b of an end mill 2 is fitted into the 
tiiermally expanded straight hole 40. The end mill 2 Is 
tiius chucked in the collet 4 tiirough shrink fit. 

45 [0008] The taper shank portion 4A of the collet 4 to 
which the end mill 2 is shrink-fitted is inserted into tiie 
taper hole 1 Afomied in the tool holder 1. Subsequentiy, 
a draw bolt 5 Is screwed Into a female-threaded hole 4D 
formed in an end portion of the taper shank portion 4A 

50 so as to fixedly attach the collet 4 to the tool holder 1, 
thereby fixedly attaching the end mill 2 to the tool holder 
1. 

[0009] In the case of the conventional shrink-fitted 
chucking as shown in FIG. 3, tiie shank portion 2b of tiie 
55 end mill 2 and the hole 40, into which the shank portion 
2b is shrink-fitted, are both straight. Accordingly, when 
tiie shank portion 2b of the end mill 2 is to be shrink-fit- 
ted into the straight hole 40 formed In the collet 4 or 
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when the end mill 2 is to be removed from the collet 4 
through application of heat, the artx>r portion 4B of the 
collet 4 must be heated to a temperature of SOO^'C or 
higher for smooth shrink-fitting or removal. When 
shrink-fitting or removal Is repeated frequently for 5 
replacement of the end mills 2, the material of the arbor 
portion 4B undergoes a change in physical properties 
due to frequent application of heat, even when the collet 
4 is made of special steel having excellent coefficient of 
thermal expansion and strength. As a result, the collet 4 
fails to chuck the end mill 2 reliably. 
[001 0] Since the end mill 2 shrink-f itted to the collet 
4 Is restrained merely by means of the shank portion 2b 
in contact with the wall surface of the strait hole 4C 
formed in the collet 4, the rigidity of an end portion of the 
end mill 2 projecting from the collet 4 becomes relatively 
low, resulting in a strong likelihood of subtle vibration 
during cutting. 

SUMMARY OF THE INVENTION 

[001 1 ] An object of the present invention is to solve 
the above problems involved in the conventional end 
mill chucking structure, and to provide an end mill 
chucking structure enabling press-fitting, shrink-fitting, 
or removal of an end mill through application of heat at 
relatively low temperature in order to prevent a change 
In physical properties of material and capable of improv- 
ing the rigidity of the end mill. 
[0012] To achieve the above object, the present 
invention provides an end mill chucking structure com- 
prising an end mill holder, which comprises a holder 
body, and an end mill, which in turn comprises an end 
mill body and cutting means provided at a front end por- 
tion of the end mill body. The holder body has a taper 
hole formed in a front portion thereof. The taper hole 
tapers down rearward and extends reanward from a 
front end of the holder body. Herein, the term "front" 
refers to a cutting-end side of the end mill attached to 
the end mill holder with respect to the axial direction of 
the end mill holder, and the temi "rear" refers to the side 
opposite the front side. A rear portion of the end mill 
body is formed into a shank portion tapering down rear- 
ward. The rear end face of the front portion of the end 
mill body extends outward from the outer circumferential 
surface of the shank portion. The shank portion of the 
end mill body is press-fitted or shrink-f itted into the taper 
hole formed In the holder body through application of 
heat at a temperature lower than a conventional shrink- 
fitting temperature such that the rear end face of the 
front portion of the end mill body abuts the front end 
face of the holder body, to thereby fixedly attach the end 
mill body to the holder body. According to the present 
invention, heat for press-fitting or shrink-fitting may be 
applied to the holder body at a relatively low tempera- 
ture, and the end mill body can be easily attached to or 
detached from the holder body. Since the shank portion 
of the end mill can be shortened, the end mill can be 



rendered inexpensive. The outer circumferential surface 
of the shank portion of the end mill body is gripped by 
means of the wall surface of the taper hole formed in the 
holder body, and the rear end face of the front portion of 
the end mill body abuts the front end face of the holder 
body; i.e., two-surface restraint is established, thereby 
maintaining considerably high rigidity of the end mill and 
preventing vibration of the end mill during cutting to 
thereby yield good cutting performance. 
[001 3] Preferably, the rear end face of the front por- 
tion of the end mill body extends perpendicularly from 
the outer circumferential surface of the shank portion. 
Thus, vibration of the end mill during cutting can be pre- 
vented more effectively. 

[0014] Preferably, the front portion of the end mill 
body is formed into a relatively long taper portion which 
tapers down frontward. The rear end of the taper portion 
has a diameter smaller than that of the front end face of 
the holder body Thus, stable chucking is established 
between the end mill and the end mill holder. In the case 
of wear of a cutting edge, a throwaway tip may be 
replaced without removal of the end mill from the holder 
body. Material for the end mill is not required to have a 
coefficient of thermal expansion different from that of 
material for the end mill holder. The end mill may be 
made of cemented cariside or, for example, HSS, which 
has a coefficient of thermal expansion substantially 
identical to that of material for the end mill holder. 
[001 5] Preferably, the rear end face of the front por- 
tion of the end mill body is caused to abut the front end 
face of the holder body by means of a draw bolt accom- 
modated within the front portion of the holder body, to 
thereby fixedly attach the end mill body to the holder 
body. Through employment of the draw bolt, the rigidity 
of the end mill is improved, so that cutting can be per- 
formed more reliably. Alternatively, female threads are 
formed on a wall surface of the taper hole formed in tiie 
holder body to thereby form a female-threaded portion; 
male threads are formed on the outer circumferential 
surface of a rear portion of the shank portion of the end 
mill body to thereby form a male-threaded portion; and 
the male-threaded portion is saewed into the female- 
threaded portion to thereby fixedly attach the end mill 
body to the holder body. As compared to the case of 
employment of the draw bolt, the rigidity of the end mill 
is impaired slightly; however, the holder body and the 
end mill can be manufactured more easily. 
[0016] Preferably, a groove is formed on the wall 
surface of the taper hole formed in the holder body, or a 
small hole is formed in tiie holder body, so as to dis- 
charge fluid, such as coolant, therethrough and front- 
ward from the holder body. Preferably, a discharge 
angle modification member for directing fluid to be dis- 
charged from the holder body is disposed at a front end 
portion of tiie small hole which extends axially in tiie 
holder body so as to discharge the fluid therethrough. 
Through discharge of fluid from tiie holder body, a work- 
piece can be cooled, or adhesion of chips to tiie work- 
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piece or end mill can be prevented, as needed, during 
cutting. 

[0017] The present invention further provides an 
end mill chucldng structure conrprising an adapter hav- 
ing a shank portion and an arbor portion. A taper hole of 
a predetermined depth is formed coaxially in the arbor 
portion and extends from the front end of the arbor por- 
tion toward the shank portion. An end mill has a mill 
body portion and a taper shank portion extending coax- 
ially from the rear end of the mill body portion. The taper 
shank portion is press-fitted or shrink^itted into or 
removed through application of heat from the taper hole 
formed In the aibor portion of the adapter. Thus, the end 
mill can be shrink-fitted Into or removed from the 
adapter with ease, through application of heat at such a 
low temperature as not to cause a change in physical 
properties of adapter material. Also, an end mill having 
a small diameter can be chucked easily. 
[0018] According to the present invention, tiie rear 
end face of the mill bo6y portion projects outward from 
the taper shank portion in a flange-like manner so as to 
sen/e as a contact face, and abuts tiie front end face of 
the arbor portion of the adapter upon fitting of the taper 
shank portion into the taper hole. Thus, the end mill is 
restrained by means of two surfaces; specifically, the 
outer circumferential surface of the taper shank portion 
and tiie contact face, tiiereby improving tiie rigidity of 
the end mill and preventing vibration of tiie end mill dur- 
ing cutting to thereby yield good cutting performance. 
[0019] Preferably, a front end portion of tiie adapt- 
er—into which the end mill is press-fitted or shrink-fitted 
and from which tiie end mill is removed through applica- 
tion of heat— is made of steel having a relatively high 
coefficient of tiiermal expansion, thereby further lower- 
ing the temperature at which heat is applied to tiie front 
end portion of the adapter for press-fitting or shrink-fit- 
ting the end mill tiiereinto or for removing therefrom. 
[0020] Preferably, a passage is formed in the 
adapter and end mill so as to supply fluid, such as cool- 
ant, tiieretiirough to a cutting point. Through supply of 
coolant, a workpiece can be cooled, or adhesion of 
chips to the workpiece can be prevented, during cutting, 
tiiereby yiekiing good cutting performance free of cut- 
ting scorch or scratches. 

[0021] Preferably, tiie shank portion of the adapter 
is tapered, thereby not requiring use of a taper collet 
and decreasing run-out of the end milt. 
[0022] Preferably, a locMng mechanism is 
employed in order to prevent rotation of tiie end mill fit- 
ted to the adapter. When a small-diameter end mill is 
used, a gripping force of a front end portion of the 
adapter decreases. Specifically, as ttie front-end diame- 
ter of ttie adapter decreases, the wall thickness of the 
front end portion of the adapter decreases. As a result, 
during cutting, tiie shank portion of the end mill slips 
within the hole formed in the front end portion of the 
adapter due to expansion of the hole. The locking mech- 
anism prevents such slippage of tiie end mill, thereby 



providing a highly accurate end mill chucking structure 
which does not involve an increase in run-out of tiie end 
mill. 



s BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

FIG. 1 is a partially cutaway side view showing a 
10 conventional end mill chucking structure; 

FIG. 2 is a partially cutaway side view showing 

another conventional end mill chucking structure; 

FIG. 3 is a partially cutaway side view showing still 

another conventional end mill chucking structure; 
15 FIG. 4 is a partially cutaway side view of an end mill 

chucking sti^ucture according to a first embodiment 

of the present invention; 

FIG. 5 Is an exploded, partially cutaway side view 
showing a main portion of the end mill chucking 

20 structure of FIG. 4 and representing disengage- 
ment of an end mill body from a holder body; 
FIG. 6 is a partially cutaway side view of the main 
portion of ttie end mill chucking structure of FIG. 4 
and representing engagement of ttie end mill body 

25 and tiie holder body; 

FIG. 7 is a longitudinal, partially sectional view 
showing an end mill engaged with an end mill 
holder; 

FIG. 8 Is a view showing the front end of a modified 
30 embodiment of the end mill holder of FIG. 7; 

FIG. 9 is a view showing the front end of another 
modified embodiment of the end mill holder of FIG. 
7; 

FIG. 10 is a partially cutaway side view of an end 
35 mill chucking structure according to a second 

embodiment of the present invention; 

FIG. 11 A is a longitudinal, partially sectional view 

showing a modified embodiment of the end mill 

chucking structure of FIG. 10 and representing a 
40 section taken along line A-A of FIG. 1 1 B; 

FIG. 11 B is a view showing the front end of the end 

mill holder of Fia 11 A; 

FIG. 12 is a partially cutaway side view of an end 
mill chucking structure according to a third embodi- 
es ment of the present invention; 

FIG. 13 is a partially cutaway side view showing 
removal of an end mill from an adapter of the end 
mill chucking structure of FIG. 12 effected through 
application of heat; 
50 FIG. 14 is a partially cutaway side view showing a 
modified embodiment of the end mill chucking 
structure of FIG. 12; 

FIG. 15 is a partially cutaway side view showing 
another modified entxxJiment of the end mill 
55 chucking structure of FIG. 12; 

FIG. 16 is a partially cutaway side view showing still 
another modified eni)odiment of the end mill 
chucking structure of FIG. 12; 
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FIG. 17A is a partially cutaway side view showing a 
lurther modified embodiment of the end mill chuck- 
ing structure of FIQ. 12; 

FIQ. 1 7B is a front view showing the end mill of FIQ. 
17A; 

FIG. 1 7C is a sectional view taken along line B-B of 
FIQ. 17A: 

FIG. ISA a partially cutaway side view showing a 
further modified embodiment of the end mill chuck- 
ing structure of FIG. 12; 

FIG. 1 88 is a front view showing the end mill of FIQ. 
ISA; and 

FIQ. 18C is a sectional view taken along line C-C of 
FIQ. 18A. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0024] Embodiments of the present invention will 
next be described in detail with reference to the draw- 
ings. 

[0025] As shown in FIGS. 4 and 5, an end mill 
chucking structure according to a first embodiment of 
the present invention includes an end mill holder 10 and 
an end mill 12. which are made of an elastic metal, such 
as steel. 

[0026] The end mill holder 10 has a taper shank 
portion 13a formed at a rear end portion of a holder 
body 13; a flange portion 13b formed at an intemiediate 
portion of the holder body 13 for use in automatic tool 
change; a V-groove 13c formed on an outer circumfer- 
ential surface of the flange portion 1 3b; and a long taper 
portion extending frontward from the flange portion 13b 
and tapering down frontward. 
[0027] The holder body 13 has the following holes 
formed coaxially and sequentially from the rear end to 
the front end thereof: a female-threaded hole 13e; an 
intermediate hole 13f; a small-diameter hole 13g; and a 
taper hole 13h which tapers down reanward gently, for 
example, at a taper of 1/200 and which opens at the 
front end of the holder body 13. The taper portion 13d 
tapers down frontward at an angle of about 5"* to 6^ A 
front end 131 of the taper portion 13d is formed perpen- 
dicular to the axis of the holder body 1 3. 
[0028] An end portion of a pull stud 14 is fixedly 
engaged with the female-threaded hole 13e formed in 
the holder body 13. A center hole 1 4a is formed through 
the pull stud 14. 

[0029] An end mill body 1 5 has a shank portion 1 5a 
and a front-side portion 1 5d. The shank portion 1 5a has 
an outer circumferential surface 15g which tapers down 
rearward gently at a taper of 1^200 and assumes a 
round-rod shape having a size slightly greater than that 
of the taper hole 13h. The front-side portion 15d 
extends frontward from a rear end face 15c of a front 
portion 15b of the end mill body 15. A rear portion of the 
front-side portion 1 5d has a greater diameter than does 
a front portion of the front-side portion 1 5d. A cut 1 5e Is 



formed at a front end portion of the front-side portion 
15d. A cutting means 16; i.e., a throwaway ball tip is 
removably attached to the front end portion. The rear 
end face 15c Is formed perpendicular to the outer cir- 

5 cumferential surface of the shank portion 1 5a 

[0030] As shown in FIG. 6, the end mill body 15 is 
formed such that the shank portion 15a tapers down 
reanA/ard and such that the front-side portion 1 5d tapers 
down more gently than does the taper portion 13d of the 

10 holder body 13. 

[0031 ] The temperature at which heat is applied for 
fitting is about 200''C or lower, which is lower than a 
conventional shrink-fitting temperature. The taper hole 
13h and the shank portion 15a have a taper of 1/50 to 

15 1/200. 

[0032] A conventional shrink-fitting temperature is 
300*C to eoc^C. whereas the present embodiment 
employs a shrink-fitting temperature of 200''C. Since, in 
the case of steel materials, the temperature of temper- 

20 ing to be performed after quenching is not higher than 
200*C, a temperature not higher than 200'C does not 
cause a change in hardness and microstructure thereof. 
[0033] For example, when a shank portion is to be 
shrink-fitted into a hole having an inside diameter of 10 

25 mm through application of heat at a temperature of 
200''C, the inside diameter expands about 0.02 mm. 
Further, when the taper is 1/200. the shank portion is 
axially drawn inward about 4 mm. thereby effecting an 
appropriate interference. 

30 [0034] A male-threaded portion 17a of a draw bolt 
17 is inserted from the rear side into the small-diameter 
hole 13g formed in the holder body 13 and is then 
screwed into a female-threaded hole 15f formed in a 
rear portion of the end mill body 15. thereby firmly 

35 engaging the holder body 13 and the end mill body 15 
together. 

[0035] In the embodiment shown in FIG. 4 and an 
embodiment shown in FIG. 10. the end mill 12 is 
removed from the holder body 13 in the following man- 

40 ner. The holder body 1 3 is heated, as needed, at a tem- 
perature lower than a conventional shrink-fitting 
temperature. The draw bolt 17 is loosened. The head of 
the draw bolt 17 is hit to thereby remove the shank por- 
tion 1 5a of the end mill body 1 5 from the holder body 1 3. 

45 In the case of an embodiment shown in FIG. 7. they 
holder body 13 is heated at a temperature lower than a 
conventional shrink-fitting temperature. A male- 
threaded portion 15h of the shank portion 15a of the 
end mill body 15 is unsaewed from a female-threaded 

50 portion 13j formed in the holder body 13. Then, the 
shank portion 15a is removed from the holder body 13. 
[0036] As shown in FIG. 7, the female-threaded 
portion 13j is formed at a rear end portion of a hole 13h 
formed in a front portion of the holder body 13. The 

55 male-threaded portion 1 5h formed on a rear end portion 
of the end mill body 15 is screwed into the female- 
threaded portion 13j to thereby fixedly attach the end 
mill body 15 to the holder body 13 without use of the 
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above-mentioned draw bolt. 

[0037] As shown in FIG. 8. a plurality of grooves 
13k, each having a triangle or arc cross section, are 
formed in the axial direction of the holder body 13 on the 
wall surface of the taper hole 13h formed In the holder s 
body 13 and are arranged in the corresponding circum- 
ferential positions. The grooves 13k are adapted to dis- 
charge fluid, such as coolant or cutting liquid, from the 
front end of the holder body 13. Alternatively, as shown 
in FIQ. 9, a plurality of small holes 13n may be formed 
in tiie axial direction of the holder body 13 in the taper 
portion 13d of the holder body 13 and may be arranged 
in the corresponding circumferential positions, so as to 
discharge fluid, such as coolant, from the front end of 
the holder body 13. 

[0038] Ruid, such as coolant, may be supplied to 
the grooves 13k shown in FIG. 8 or the small-holes 13n 
shown in FIG. 9. by conventionally known means. 
[0039] In the second embodiment shown in FIG. 10, 
a cylindrical shank portion 13m is formed at a rear end 
portion of the holder body 1 3; a taper cone 1 8 is fitted to 
the shank portion 13m so as to be located between a 
larger-diameter-flange portion 14b of the pull stud 14 
and the flange portion 13b for use in automatic tool 
change; the front end of the taper cone 18 may be 
pressed against the flange portion 13b while a plurality 
of disc springs 19 are disposed therebetween; and an 
annular washer 18a may be disposed between the 
larger-diameter-flange portion 14b and the rear end of 
the taper cone 1 8. Other features of the end mill chuck- 
ing structure of FIG. 10 are similar to those of the first 
embodiment shown in FIG. 4 and are denoted by com- 
mon reference numerals. Description of those features 
is omitted. 

[0040] As shown in FIGS. 1 1 A and 1 1 B, a plurality 
of small holes 13n may be formed in the axial direction 
of the holder body 13 in the taper portion 13d of the 
holder body 1 3 and may be ananged in the correspond- 
ing circumferential positions. Further, a cylindrical bush 
20 having an inclined discharge hole 20a formed therein 
may be fixedly attached to the front end of each small 
hole 13n by means of fitting or screw engagement. The 
cylindrical bush 20 serves as a discharge angle modifi- 
cation member for directing fluid, such as coolant, to be 
discharged. The bush 20 reliably directs discharged 
fluid, such as coolant, toward a cutting member located 
at the front end of the end mill 12. The bush 20 is partic- 
ularly effective when the front end diameter of the 
holder body 13 is too small to impart an appropriate 
inclination to a discharge end portion of the small hole 
13n. 

[0041] A cutting means or member disposed at a 
front end portion of the end nnill body 1 5 Is not limited to 
a ball tip. but may be modified as appropriate. Also, a 
straight or helical tooth may be integrally formed at a 
front end portion of the end mill body 15. 
[0042] In the case of the end mill chucking structure 
shown in FIG. 4. the taper portion 13d of the holder 



body 13 may be lengthened so as to reduce the length 
of the tapered shank portion 15a of the end mill body 
15, thereby avoiding using an expensive long-size end 
mill of cemented carbide. Thus, the present Invention 
provides an inexpensive end mill chucking structure and 
implements a highly rigid end mill holder, thereby ena- 
bling highly accurate cutting. 
[0043] When a deep hole is to be cut in a die by 
means of a ball end mill, the combined overall taper of 
the ball end mill and holder becomes smaller than the 
draft of the die. This feature is favorable to cutting. 
[0044] FIG. 12 shows an end mill chucking struc- 
ture according to a third embodiment of the present 
invention. FIG. 13 shows removal of an end mill from an 
adapter of the end mill chucking structure of FIG. 12 
effected through application of heat. 
[0045] The present embodiment employs an 
adapter 32 for attaching to a tool holder 31 an end mill 
30 having a relatively small diameter (up to about 12 
mm). 

[0046] The adapter 32 is made of cemented carbide 
and has a straight shank portion 34 having a desired 
length and an arbor portion 34a. The straight shank por- 
tion 34 is attached to the tool holder 31 by means of a 
taper collet 33. The arbor portion 34a extends frontward 
coaxially from the straight shank portion 34 over a pre- 
determined length and tapers down frontward at a taper 
angle of 3"* to 5". A taper hole 34b of a predetermined 
depth is formed coaxially in the arbor portion 34a and 
extends from the front end of the arbor portion 34a 
toward the straight shank portion 34. The end mill 30 is 
shrink-f itted into the taper hole 34b. The taper hole 34b 
has a taper of 1/50 to 1/200. 

[0047] The end mill 30 has a mill body portion 30b 
of cemented carbide and a taper shank portion 30c. A 
cutting edge 30a is formed at a front end portion of the 
mill body portion 30b. The taper shank portion 30c 
extends reanvard coaxially from the mill body portion 
30b and is shrink-f itted into or removed, through appli- 
cation of heat, from the taper hole 34b formed in the 
arbor poilion 34a. The face of a rear end of the mill body 
portion 30b extends outward from the circumferential 
surface of the taper shank portion 30c and serves as a 
contact face 30d. The contact face 30d abuts the front 
end face 34d of the arbor portion 34a upon shrink-f itting 
of the taper shank portion 30c into the taper hole 34b. 
The contact surface 30d is perpendicular to the outer 
circumferential surface of the taper shank portion 30c. 
[0048] The taper shank portion 30c has a similar 
taper of 1/50 to 1/200 as does the taper hole 34b. 
[0049] In the present embodiment, when the end 
mill 30 is to be shrink-fitted to the adapter 32. the arbor 
portion 34a of the adapter 32 is heated to a temperature 
of about 200''C. In the case where the arkxsr portion 34a 
has a diameter of 10 mm as measured at the front end 
thereof, the inside diameter of the taper hole 34b 
expands about 0.02 mm. As a result, in the case of a 
taper of 1/200. the taper shank portion 30c is axlally 
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drawn inward about 4 mm. thereby effecting an appro- 
priate interference. 

[0050] Since, in the case of steel materials, the tem- 
perature of tempering to be performed after quenching 
is not higher than 200''C. a temperature not higher than s 
200^0 does not cause a change in hardness and micro- 
structure of adapter material. 
[0051 ] The arbor portion 34a is heated to the above 
temperature so as to thermally expand the taper hole 
34b formed therein. The taper shank portion 30c of the io 
end mill 30 is inserted into the thermally expanded taper 
hole 34b until the contact face 30d of the mill body por- 
tion 30b abuts a front end face 34d of the arbor portion 
34a. When the temperature of the arbor portion 34a 
drops to room temperature, the end mill 30 is firmly is 
chucked by the adapter 32 through shrink-f itting. 
[0052] When the end milt 30 chucked by the aibor 
portion 34a of the adapter 32 is to be removed there- 
from, the arbor portion 34a is heated to a temperature of 
about 200''C. 20 
[0053] As shown in FIG. 12, the tool holder 31 has 
a shank portion 31a, aflange 31b, and a cylindrical tool 
attachment portion 31c. The shank portion 31a Is 
attached to a spindle of a machine tod. The flange 31b 
is located at the larger-diameter end of the shank por- 2s 
tion 31a. The tool attachment portion 31c extends front- 
ward coaxially from the front end face of the flange 31b. 
A taper hole 31 d is formed in the tool attachment portion 
31 c and Is adapted to receive the taper collet 33. 
[0054] As shown in FIG. 1 2, when the adapter 32 to 30 
which the end mill 30 is attached is to be attached to the 
toot holder 31, the straight shank portion 34 of the 
adapter 32 is inserted into the taper collet 33 which is fit- 
ted into the taper hole 31d formed in the tool attachment 
portion 31c. A draw bolt 35 which is inserted into the 35 
tool holder 31 from tiie rear end thereof is screwed into 
an engagement end of the taper collet 33. The taper col- 
let 33 is drawn reanrvard by means of the draw bolt 35, 
thereby firmly holding the adapter 32 including the end 
mill 30 by means of the taper collet 33. 40 
[0055] According to the third embodiment, the taper 
hole 34b of a predetermined depth and adapted to 
receive the end mill 30 through shrink-fitting is Ibrmed 
coaxially in the arbor portion 34a of the adapter 32 and 
extends from the front end of the arbor portion 34a 4S 
toward the straight shank portion 34. The taper shank 
portion 30c extends rearward from the mill body portion 
30b and is shrink-fitted into or removed, through appli- 
cation of heat from the taper hole 34b formed in tiie 
arbor portion 34a. Since tiie taper shank portion 30c is so 
adapted to be shrink-fitted into or removed, through 
application of heat, from the taper hole 34b formed in 
the aitx)r portion 34a. the end mill 30 can be easily 
shrink-fitted into or removed from the adapter 32 
through application to the adapter 32 heat at a relatively ss 
low temperature of about 200''C, which does not cause 
a change in physical properties of adapter material. 
Also, chucking of a small-diameter end mill can be 



achieved easily 

[0056] Also, the face of a rear end of the mill body 
portion 30b extends outward from the circumferential 
surface of the taper shank portion 30c and serves as 
the contact face 30d. The contact face 30d abuts the 
front end face 34d of the arbor portion 34a upon shrink- 
fitting of the taper shank portion 30c into the taper hole 
34b. Thus, the end mill 30 is restrained by means of two 
surfaces; specifically, the outer circumferential surface 
of the taper shank portion 30c and the contact face 30d, 
tiiereby improving the rigidity of the end mill 30 and pre- 
venting vibration of the end mill 30 during cutting to 
thereby yield good cutting perfbmianca 
[0057] A modified embodiment of the end mill 
chucking structure of FIG. 12 will next be described witii 
reference to FIG. 14. 

[0058] In FIG. 14. a front end portion 34g of tiie 
arbor portion 34a of the adapter 32 including at least the 
taper hole 34b is made of steel having a coefficient of 
thermal expansion greater than that of cemented car- 
bide, and a remaining portion 34f of the adapter 32 
including a sti-aight shank portion 34e is made of 
cemented carbide. The front end portion 34g and the 
remaining portion 34f are firmly connected together by a 
connection means 36. The taper shank portion 30c of 
tiie end mill 30 is shrink-fitted into the taper hole 34b 
formed in the front end portion 34g. 
[0059] As shown in FIG. 14, tiie connection means 
36 assumes, for example, the following structure. A 
male-threaded portion 36a projects frontward coaxially 
from the front end of the remaining portion 34f. A 
female-tiireaded hole 36b is formed coaxially in tiie 
front end portion 34g in such a manner as to extend 
frontward from the rear end of ttie front end portion 34g. 
The male-tiireaded portion 36a is screwed Into the 
female-threaded hole 36b to thereby connect tiie front 
end portion 34g and the remaining portion 34f togettier. 
[0060] The connection means 36 is not limited to 
tiie structure shown in FIG. 14. For example, the con- 
nection means 36 may assume an interference fit struc- 
ture. The present modified embodiment is desaibed 
while mentioning shrink4itting of the taper shank portion 
30c of the end mill 30 into tiie taper hole 34b formed in 
tiie front end portion 34g of the adapter 32. However, in 
tiie case of an end mill having a relatively small diame- 
ter, press-fitting may be employed by use of a tool of 
gun metal. 

[0061] According to the present modified enrtbodi- 
ment, tiie front end portion 34g of the arbor portion 
34a— into which tiie end mill 30 is press-fitted or shrink- 
fitted — is made of steel having a relatively high coeffi- 
cient of tiiermal expansion, tiiereby furtiier reducing tiie 
temperature at which heat is applied for shrink-fitting or 
removal of the end mill 30. The remaining portion 34f 
including tiie straight shank portion 34e is made of 
cemented carbide, thereby permitting employment of a 
relatively long shank portion and tiius facilitating deep- 
hole boring by use of the small-diameter end mill 30. 
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[0062] Another modified embodiment o1 the end mill 
chucking structure of FIG. 12 will next be described with 
reference to FIQ. 15. 

[0063] As shown in FIQ. 15, passages 37 and 38 
are formed coaxially In the adapter 32 and the end mill 
30. respectively, in order to supply fluid, such as cool- 
ant, therethrough. Ruid, such as coolant flows through 
the passages 37 and 38 and Is then discharged from the 
front end of the mill body portion 30b toward a cutting 
point. 

[0064] According to the present modified embodi- 
ment, a worl^iece can be cooled, or adhesion of chips 
to the workpiece can be prevented, during cutting, 
thereby yielding good cutting performance free of cut- 
ting scorch or scratches. 

[0065] Still another modified embodiment of the end 
mill chucking structure of FIG. 12 will next be described 
with reference to FIG. 16. 

[0066] As shown in FIG. 16, the shank portion 34 of 
the adapter 32 is tapered. A rear end portion of the 
taper shank portion 34 which is inserted into the tool 
holder 31 has a female-threaded hole 35a formed 
therein. The draw bolt 35 is inserted into the tool holder 
31 from the rear end thereof and is screwed into the 
female-threaded hole 35a. Other structural features are 
similar to those of FIG. 12. 

[0067] According to the present modified embodi- 
ment, the shank portion 34 of the adapter 32 is tapered, 
80 that the taper collet 33 shown in FIG. 12 becomes 
unnecessary. Also, run-out of the end mill 30 can be 
reduced. 

[0068] Further modified embodiments of the end 
mill chucking structure of FIG. 12 will next be described 
with reference to FIGS. 17A, 17B, 17C. ISA. 18B, and 
18C. 

[0069] As shown in FIG. 17A, the front end portion 
34g of the arbor portion 34a of the adapter 32 including 
at least the taper hole 34b is made of steel having a 
coefficient of thermal expansion greater than that of 
cemented carbide, and the remaining portion 34f of the 
adapter 32 including the straight shank portion 34e is 
made of cemented carbide. The front end portion 34g 
and the remaining portion 34f are firmly connected 
together by the connection means 36. The taper shank 
portion 30c of the end mill 30 is shrink-fitted Into the 
taper hole 34b formed in the front end portion 34g. 
[0070] A through-hole 41 is formed in the front end 
portion 34g perpendicular to the axis of the front end 
portion 34g and is located in a substantially central posi- 
tion with respect to the axial direction of the front end 
portion 34g; i.e., the through-hole 41 is substantially 
aligned with the rear end of the taper hole 34b. Female 
threads 42 are formed at one end portion of the 
through-hole 41 . A groove 39 is formed perpendicular to 
the axis of the end mill 30 on a rear end face 30e of the 
taper shank portion 30c of the end mill 30. A locking pin 
40 is inserted into the through-hole 41 so as to engage 
the groove 39 of the taper shank portion 30c press-fitted 



or shrink-fitted into the taper hole 34b. A male-threaded 
one end portion, i.e., a male-threaded portion 43 of the 
locking pin 40, is engaged with the female threads 42. 
Thus, a locking mechanism for the end mill 30 is formed 

5 so as to prevent rotation of the end mill 30. In place of 
the groove 39, a through-hole for reception of the lock- 
ing pin 40 may be formed perpendicular to the axis of 
the end mill 30 in a rear end portion of the taper shank 
portion 30c. Because of cemented carbide, formation of 

10 such a through-hole is difficult, though. 

[0071] As in the case of the embodiment shown in 
FIG. 14. the connection means 36 assumes the follow- 
ing structure. The male-threaded portion 36a projects 
frontward coaxially from the front end of the remaining 

15 portion 34f. The female-threaded hole 36b is formed 
coaxially in the front end portion 34g in such a manner 
as to extend frontward from the rear end of the front end 
portion 34g. The male-threaded portion 36a is screwed 
into the female-threaded hole 36b to thereby connect 

20 the front end portion 34g and the remaining portion 34f 
together. 

[0072] According to the present modified embodi- 
ment, the front end portion 34g of the arbor portion 
34a— into which the end mill 30 is press-fitted or shrink- 

25 fitted— is made of steel having a relatively high coeffi- 
cient of thermal expansion, and the locking mechanism 
prevents rotation of the end mill 30 press-fitted or 
shrink-fitted into the arbor portion 34a. When the end 
mill 30 having a small -diameter is used, a gripping force 

30 of a front end portion of the adapter 32 decreases. Spe- 
cifically, as the front-end diameter of the adapter 32 
deaeases, tiie wall thickness of the front end portion of 
tiie adapter 32 decreases. As a result during cutting, 
the shank portion 30c of the end mill 30 slips within the 

35 taper hole 34b formed in the front end portion of the 
adapter 32 due to expansion of the taper hole 34b. The 
locking mechanism prevents such slippage of the end 
mill 30, thereby providing a highly accurate end mill 
chucking structure which does not involve an increase 

40 in run-out of the end mill 30. 

[0073] Other features of the modified embodiment 
are similar to those of tiie third embodiment shown in 
FIG. 12 and are denoted by common reference numer- 
als. Description of tiiose features is omitted. 

45 [0074] FIGS. 18A to 18C show a modified embodi- 
ment of tiie locking mechanism shown in FIGS. 17A to 
17C. 

[0075] The present modified emtxxJiment employs 
a locking screw 51 in place of the locking pin 40 

50 employed in the modified embodiment of FIGS. 1 7A to 
17C. A female-threaded through-hole 52 is formed in 
tiie front end portion 34g perpendicular to the axis of the 
front end portion 34g in such a manner as to extend 
from the outer surface of the front end portion 34g to the 

55 taper hole 34b and is located in a substantially central 
position with respect to the axial direction of the front 
end portion 34g; i.e., tiie tiirough-hoie 52 is substan- 
tially aligned with the rear end of tiie taper hole 34b. A 
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flat portion 53 is formed axially at an end portion of the 
shank portion 30c of the end mill 30. The locking screw 
51 is screwed into the female-threaded through-hole 52 
so as to project into the taper hole 34b and press 
against the flat portion 53 of the shank portion 30c 
press-fitted or shrink-fitted into the taper hole 34b, 
thereby implementing a locking mechanism 50. 
[0076] In place of the flat portion 53. a flat-bottomed 
engagement groove having a cross section shaped in a 
squarish letter U and adapted to receive the locking 
screw 51 may be formed at a rear end portion of the 
shank portion 30c. 

[0077] The modified embodiments shown in FIGS. 
17A and 18A are described while mentioning applica- 
tion of the locking mechanism 50 to the end mill chuck- 
ing mechanism shown in FIG. 14. However, the present 
Invention is not limited thereto. The locking mechanism 
50 nmy be applied to the end mill chucking structure 
shown in FIG. 12. 

Claims 

1 . An end mill chucking structure conprlsing: 

an end mill holder comprising a holder body 
having a taper hole formed in a front portion 
thereof, the taper hole tapering down rearward 
and extending reanArard from a front end of the 
holder body; and 

an end mill comprising an end mill body and 
cutting means provided at a front end of the 
end mill body, a rear portion of the end mill 
body tapering down reanvard and serving as a 
shank portion, a rear end face of a front portion 
of the end mill body extending radially outward 
from an outer circumferential surface of the 
shank portion, 

wherein the shank portion of the end mill body 
is press-fitted or shrink-fitted into the taper hole 
formed in the holder body through application 
of heat at a temperature lower than an ordinary 
shrink-fitting temperature such that the rear 
end face of the front portion of the end mill 
body abuts a front end face of the holder body, 
to thereby fixedly attach the end mill body to the 
holder body. 

2. An end mill chucking structure according to daim 1 , 
wherein the rear end face of the front portion of the 
end mill body extends perpendicularly from the 
outer circumferential surface of the shank portion. 

3. An end mill chucking structure according to daim 1 , 
wherein the front portion of the end mill body is 
formed into a relatively long taper portion which 
tapers down frontward; a rear end of the taper por- 
tion has a diameter smaller than that of the front 
end face of the holder body: and cutting means Is 



removably attached to the front end portion of tiie 
end mill body. 

4. An end mill chucking structure according to claim 1 , 
5 wherein the rear end face of the front portion of tiie 

end mill body is caused to abut the front end face of 
the holder body by means of a draw bolt accommo- 
dated within tiie front portion of the holder body, to 
tiiereby fixedly attach tiie end mill body to tiie 
10 holder body. 

5. An end mill chucking structure according to claim 1 , 
wherein female ttireads are formed on a wall sur- 
face of tiie taper hole formed In the holder body to 

IS thereby form a female-threaded portion; male 
threads are formed on an outer circumferential sur- 
face of a rear portion of the shank portion of the end 
mill body to thereby form a male-threaded portion; 
and tiie male-tiireaded portion is screwed into tiie 

20 female-threaded portion to thereby fixedly attach 
tiie end mill body to the holder body. 

6. An end mill chucking structure according to claim 1 , 
wherein a groove Is formed on a wall surface of the 

25 taper hole formed in the hdder body so as to dis- 
charge fluid therethrough and frontward from the 
holder body. 

7. An end mill chucking structure according to claim 1 , 
30 wherein a small hole is formed in tiie holder body so 

as to discharge fluid therethrough and frontward 
from tiie holder body. 

8. An end mill chucking structure according to claim 7, 
35 wherein a discharge angle modification member for 

directing fluid to be discharged from the holder 
body Is disposed at a front end portion of tiie small 
hole. 

40 9. An end mill chucking structure comprising: 
a tool holder; 

an adapter having a shank portion and an 
arbor portion, tiie shank portion being fixedly 

45 attached to said tool holder and having a pre- 

determined length, the arbor portion having a 
predetermined length extending coaxially from 
a front end of the shank portion and tapering 
down frontward, a taper hole having a predeter- 

50 mined depth being formed coaxially in tiie 

arbor portion and extending from a front end of 
the arbor portion toward tiie shank portion ; and 
an end mill having a mill body portion and a 
taper shank portion, the mill body portion hav- 

55 ing a cutting edge at a front end portion thereof, 

the taper shank portion extending coaxially 
from a rear end of the miil body portion and 
being removably fitted into the taper hole 
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formed in the arbor portion of said adapter, a 
rear end face of the niill body portion projecting 
outward from the taper shank portion in a 
flange-like manner so as to serve as a contact 
face and abutting a front end face of the arbor s 
portion of said adapter upon fitting of the taper 
shank portion into the taper hole. 

1 0. An end mill chucking structure according to claim 9, 
wherein the contact face is perpendicular to the io 
outer circumferential surface of the taper shank por- 
tion. 



formed perpendicular to an axis of said adapter In 
the front end portion of the aibor portion of said 
adapter, and a groove formed on a rear end lace of 
the taper shank portion of said end mill, and 
wherein the locking pin and the groove engage with 
each other to thereby prevent rotation of said end 
mill press-fitted or shrink-f itted into the arbor portion 
of said adapter. 



11. An end mill chucking structure according to daim 9. 
wherein the shank portion of said adapter is straight is 
or tapered. 



1 2. An end mill chucking structure according to daim 9, 
wherein a front end portion of the arbor portion of 
said adapter Including at least the taper hole Is 20 
made of steel having a coefficient of thermal expan- 
sion greater than that of cemented carbide, and a 
remaining portion of said adapter including the 
shank portion is made of cemented carbide. 

25 

13. An end mill chucking structure according to claim 
12. wherein the front end portion of the arbor por- 
tion of said adapter is connected to the remaining 
portion of said adapter by use of connection means. 

30 

14. An end mill chucking structure according to claim 
12, wherein a passage is formed in said adapter 
and end mill so as to supply fluid therethrough to a 
cutting point 

35 

1 5. An end mill chucking structure according to daim 9. 
wherein a locking mechanism for preventing rota- 
tion of said end mill is provided at a portion at which 
the end mill is coaxialiy attached to the front end 
portion of the arbor portion. 40 



16. An end mill chucking structure according to claim 
15. wherein the locking mechanism comprises a 
locking screw screwed removably into a female- 
threaded hole formed perpendicular to an axis of 45 
said adapter in the front end portion of the arbor 
portion of sakJ adapter and extending from an outer 
surface of the arbor portion to the taper hole formed 

in the arbor portion, and a flat portion formed axlally 
at an end portion of Wie taper shank portion of said so 
end mill, and wherein the locking screw and the flat 
portion engage with each other to thereby prevent 
rotation of said end mill press-fitted or shrlnk-fltted 
Into the arbor portion of said adapter. 

55 

17. An end mill chucking structure according to claim 
15. wherein the locking mechanism comprises a 
locking pin inserted removably Into a through-hole 
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